Introduction
LHCb is a single arm forward detector at the Large Hadron Collider which covers the region of pseudorapidity 2 < η < 5 where the production of bb pairs from pp collisions at (s) = 7 TeV is copious. A cross section σ(pp → bbX) ∼ 290 µb has been recently measured [1] .
A full description of the LHCb detector can be found in [2] . It is worthwhile to summarize the main aspects of the performance which are crucial for the timedependent measurements presented here: an efficient trigger for leptonic and hadronic decay modes (with efficiency of about 94% and 60% respectively) an excellent resolution for tracking and vertexing ( eg. a resolution on the impact parameter with respect to the primary vertex σ The precise determination of φ s is one of the key goals of the LHCb experiment. This measurement has been carefully prepared with a series of intermediate studies to prove the capability of LHCb to perform a clean signal selection for B → J/ψX channels, to control the proper-time and the angular acceptance and resolutions and to have a correct determination of the flavour of the B mesons at production. All these steps will be briefly summarised in the following.
A decay-time unbiased di-muon trigger is used to select all B → J/ψX channels is a similar way. Low background remains after the additional requirements on the proper-time t > 0.3 ps, which removes mainly events with a prompt J/ψ(µµ). As an example the mass distribution of the selected B 0 → J/ψK * 0 and B The decay B 0 s → J/ψφ is a pseudo-scalar to vector-vector transition whose final state is a superposition of three possible states with relative orbital angular momentum between the vector mesons ℓ = 0, 1, 2. In order to disentangle statistically the three components an angular analysis of the decay product distributions is required. The three angles Ω = {θ, ϕ, ψ} defined in the transversity basis are used, as in [11] . The decay can be described by three time-dependent amplitudes, at t = 0 A 0 (0) and A (0) are CP-even while A ⊥ (0) is CP-odd. The differential decay rate depends on several physics parameters: the B 0 s decay width Γ s , the decay width difference between the two B 0 s mass eigenstates ∆Γ s , the mixing frequency ∆m s , the CP violating phase φ s the relative phases and magnitudes of the three angular transversity amplitudes. It should be noted that the dependence on φ s is present in several terms, but for small φ s values, around the SM value, the main sensitivity comes from terms proportional to sin φ s . Most of these terms are multiplied by sin(∆m s t), hence information on φ s is mainly obtained from observation of the amplitude of the fast B However, given the additional complication introduced by the tagging procedure, and the small number of tagged events, a first analysis is performed without using this information (untagged analysis). In this case CP violation is ignored, but from the study of the final state angular distributions as a function of proper-time the other physics parameters are determined. Due to the forward geometry of the LHCb detector the reconstruction efficiency for the final state particles is a non-trivial function of the decay angles, hence understanding the angular acceptance is an important ingredient of this measurement. The angular acceptance has been studied with Monte Carlo simulated events, the maximum deviation with respect to the generated angular distributions results are within about ±5% . Results of the likelihood fit to the mass, proper-time and angular distributions are shown in Table 2 and Fig. 2 [8] .
0.532 ± 0.040 ± 0.028 cos δ −1.24 ± 0.27 ± 0.09 Table 2 : Parameters extracted from the fit to the B 0 s → J/ψφ events in the untagged analysis. The first uncertainty is statistical and the second is systematic. LHCb preliminary results from 36 pb −1 .
The B 0 → J/ψK * 0 decay channel provides a valuable check for the B 0 s → J/ψφ angular analysis since it is also a pseudo-scalar to vector-vector decay which occurs via similar (parity-odd and parity-even) decay amplitudes which are already well measured [9] . The final state is in this case flavour specific, with the kaon charge identifying the flavour of the decaying neutral B meson. A full fit to the mass, propertime and angular distributions is performed to determine the polarisation amplitudes A (0), A ⊥ (0) and the related strong phases δ and δ ⊥ for the decay. Results are shown in Table 3 and Fig. 3 [8] . They are in agreement with previous measurements, even if, with the present event sample, not yet competitive with them.
In a second B 0 s → J/ψφ analysis flavour tagging is used (tagged analysis). In LHCb the flavour of the B meson at production is determined by several algorithms, the opposite side (OS) taggers uses four different signatures, namely high p T muons, 3.02 ± 0.10 ± 0.007 [10] . The tagging power is enhanced by using in the fits a per-event mistag probability, this is obtained by the combination of the different taggers and is calibrated on data, using B + → J/ψK + events, and validated on B 0 → J/ψK * 0 . The For the tagged analysis events selected by a displaced track trigger (decay-time biased) have been also used, for a total sample of 757±28 signal events (t > 0.3 ps) [12] . The time acceptance for the decay-time biased events is obtained from data using the time distribution of events which pass both trigger conditions. The result of the fit is presented as two-dimensional confidence level regions in the ∆Γ s -φ s plane obtained using a likelihood ratio ordering, following the prescription of Feldman and Cousins [13] . Fig. 4 shows the 68.3%, 90% and 95% confidence level contours in the ∆Γ s -φ s plane. With current event yields systematic uncertainties were found to have only a small effect on the contours. Therefore the contours include only the statistical uncertainties, with the exception of the uncertainties due to flavour tagging calibration parameters and mixing frequency, which were floated in the fit. When projecting the confidence level contours onto one dimension it results −2.7 < φ s < 0.5 rad at 68% CL. Substantial improvements are expected in the determination of φ s with the larger 2011 data sample and the use of SS kaon tagging. −0.29 ±0.07, where the first uncertainty is statistical and the second is systematic. The data sample is currently too small for a measurement competitive with B factories, but it adds a valid demonstration of LHCb capability in time-dependent CP analysis. Moreover, with the integrated luminosity foreseen over the coming few years LHCb will be able to make a precise determination of this important parameter. Table 4 [15]. The invariant mass distributions of two of these modes are shown in Fig. 5 . The four modes are analysed individually but a single set of physical parameters, namely B 0 s mass, lifetime and mixing frequency, is determined in a common fit to mass and proper-time distributions of all modes. The true proper-time is smeared by detector resolution σ t , and good proper-time resolution is crucial for resolving fast B 0 s oscillations. In this analysis the event-per-event resolution σ t is used, it is calibrated on data using B The mixing frequency is measured as ∆m s = 17.63 ± 0.11 ± 0.04 ps −1 with a 4.2 σ significance. 
where R H and R L are the fractions of the heavy (Γ H ) and light (Γ L ) states contributing to the B . The selection procedure of the sample of B mesons decaying into two hadrons makes minimum requirements on the flight distance of the B meson, as a consequence it tends to reject candidates which decay after a short proper time. Two independent data-driven approaches have been developed to compensate for the resulting bias. One extracts the acceptance function from the data, and then applies this acceptance correction to obtain a measurement of the B 
